INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of death and adult disability in the industrial world. Despite advances in the diagnosis and treatment of coronary heart disease (CHD), it remains the single most frequent cause of death in Americans older than 65 years old [1] . A recent study by the World Health Organization revealed that by 2015 almost 20 million people will die from CVD, mainly from CHD and stroke [22] . Coronary artery bypass graft (CABG) surgery is the most frequently performed major surgery for CHD in the United States [6] .
As the prevalence of CVD is increasing, new strategies need to be developed in order to reduce the cost of health care services and at the same time to improve patients' quality of life. A considerable proportion of patients experience adverse events or are readmitted within a few weeks after discharge, leading to worse outcomes and/or increased costs. These problems are likely to increase over the next few decades as the longevity of the population increases [4] , [17] , [20] . As a result, there is an increasing interest in ehealth care delivery models for monitoring the cardiac patient. The objective of this paper is to propose a system that will support home telemonitoring by the cardiology clinic physicians and nursing personnel of the post cardiac surgery patients.
The concept of telemedicine has been introduced more than 30 years ago where telephone and Fax machines were the first devices to be used. Home monitoring of chronic patients or patients after a major event is one of the main issues of telemedicine. Systems using Plain Old Telephony Systems (POTS), ISDN Lines and nowadays ADSL connections have been presented and used in several applications. The evolution of computer systems and telecommunication means enables the creation of such systems in an easier, cheaper and more reliable way [13] .
The need and the importance of telemonitoring of the post cardiac surgery patient was demonstrated in several studies [3] , [5] , [14] , [16] , [18] , where it was shown that these systems hold a great promise not only in reducing readmissions and rehospitalizations but also reducing health care costs.
Taking into consideration all the above, through this study we are proposing a system that will be used for monitoring post cardiac surgery patients. The system supports the recording and transmission of ECG, heart rate, blood pressure, oxygen saturation, weight, and other parameters. These will be monitored by the cardiac clinic personnel, the physician or the nurse for further action. Thus, using the system will enable the daily monitoring of the subject, supporting the better patient management. It is anticipated that this will also lead in better triage and an immediate intervention when needed. The current system was built based on previous work by our group on monitoring children with cardiac arrhythmias [7] . The structure of the paper is as follows. In the next section the system description is given, followed by system evaluation, and finally, the concluding remarks.
SYSTEM DESCRIPTION System Functionality
The overall system sequence diagram is shown in Fig. 1 . The main components of the system are the patient monitoring module, PatMon, the Application Server, the main application portal module, CardiacPortal, and the doctor monitoring module, DocMon.
The CardiacPortal module is a web-based system that provides functionality such as doctor and nurse registration (see Fig. 1, steps 1-2) and patient information management, such as personal, historical, medical background, patient hospitalization, patient calls and follow up information, and patient symptoms data (see Fig. 1, steps 3-4) . This module also displays the ECG (3-12 leads) and the patient's vital information such as weight, blood pressure, oxygen saturation, plethysmogram, and questionnaire statistics (see Fig. 1 , steps 27-34). Furthermore, the doctor's functionality has the option to give access to other doctors, in order to support teleconsultation and telemonitoring.
The PatMon module records and displays the ECG and the vital signs (see Fig. 1 , steps 5 and 9 respectively). The ECG signal is automatically analyzed by the PatMon module in order to identify possible arrhythmias (see Fig. 1, step 6 ). The analysis is carried out based on an open source arrhythmia detection algorithm provided by E.P Limited [12] that is used by numerous systems as well. This module supports the following arrhythmias: T-wave change (TCH), systole (SYSTOLE), diastole (DIASTOLE), rhythm change (RHYTHM), right bundle branch block beat (RBBB), left bundle branch block beat (LBBB), aberrated atrial premature beat (ABERR), fusion of ventricular and normal beat (FUSION), start of ventricular flutter/fibrillation (VFON), end of ventricular flutter/fibrillation (VFOFF), and other. Moreover the PatMon system is responsible for uploading the ECG and the vital information from the patient into a central database using the Application Server which is a web service (see Fig. 1 , steps 7-8 and 10-11, respectively).
The DocMon module is a windows mobile application that also displays the patient information, the ECG and the vital signs using the services of the Application Server (see Fig. 1, steps 12-26) .
The system's security was developed using different access levels for each group via the Microsoft Membership provider from ASP.NET [19] supporting SSL encryption.
System Architecture
The overall system is a web based application based on the above mentioned modules. The system architecture schema is shown in Fig. 2 (a) .
The PatMon module (see Fig. 2 (b) ) consists of a dedicated PC with the appropriate software, ECG sensors, blood pressure, oxygen saturation sensors and a digital weight scale (that uses the Wii balance board [21] ). Currently we are using the Dyna-Vision© device (DVM-010S) for ECG and SpO 2 acquisition [15] connected with the PC using Bluetooth.
The DocMon module consists of a dedicated smart phone with the appropriate software that displays the patient information, the ECG and the vital signs (see Fig. 2 (c) ).
The central monitoring system server includes the Application Server, the CardiacPortal module and the central database.
Tools used for system implementation The implementation of the system was carried out using the Microsoft Visual Studio 2010 with C#.NET [10] , the Microsoft Visual Studio 2008 with ASP.NET [19] , C#.NET [10] and the Visual Basic.NET [10] . The DevExpress Toolkit [2] was used for enhancements on the windows form interface. The Ajax Toolkit 3.5 and the National Instruments Measurements Studio [11] were used for enhancements on the web interface. The Windows Mobile 6.5.3 DTK [10] , the Windows Mobile 6 SDK [10] and the Mooseworks Software [9] were used for the windows mobile interface. The Microsoft SQL Server 2008 [8] was used for the main database.
SYSTEM EVALUATION
The system was initially tested as follows: a. Module testing, where each module was systematically tested. If an error occurred, a suitable debugging procedure was followed. b. Integration testing, this form of testing was applied to all interfaces among modules to ensure that transfer of both data and control were performed correctly. This testing method included the run-time evaluation of all variables that are passed from one module to another. c. Function Testing, the results and outcomes of the system were evaluated after [10] offers. The system was tested with simulations for data input and retrieval. The results for 25 and 10 users gave an average response time of 4.65 seconds and 1.74 seconds respectively. Tests were applied to the pages that have the most significant processing functions like the display of the ECG signals (see Table 1 ). Furthermore, the system was technically tested using an ECG simulator and on normal subjects successfully. 
CONCLUDING REMARKS
In this paper, a system for monitoring the cardiac surgery patients at home has been presented. The system facilitates the follow up of cardiac patients making their visits to the hospital limited only in the case of adverse events. This method of management of patients after discharge for cardiac surgery can be very beneficial in combating episodes of exacerbation and preventing rehospitalizations, urgent care visits, and emergency room visits. The system is currently under evaluation on a small number of patients, before its further deployment and evaluation with more subjects.
